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0 INVESTIGATIONS OF THE SURFACE LAYER OF LIQUID SYSTEMS

VII. SURFACE DEMIXING AND VOLUME PROPERTIES OF SOLUTrIONS OF UNARY SYSTEMS

3. Ta. Teitelbaum and 0. A. Osipov

Surface demixing in binary liquid systems [1] is due, in the final analysis, to the same factors As volumie de-
mixing. There have been objections to this [21. which consisted of the view that demiuing in tim surface layer while
the solution retains its homogeneity In the bulk is thermodynamiucally Impossible.

We will show that In binary systems. under definite conadtoms s=face dem~ixing Is as Inevitable thereto-
dynamically, as is demixing tn the volume of the solutions.

Letmusexamine a system formedhby tie lqwids AandlIN of limited solubility. In Fig. 1 thse solubility curve
is represented by a continuous line. Let the sarface tension 6f the first component be greater than *iat of the second,
or aA )- o.. In that cane the concentration z of component I s Imearer in the surface layer than N.dmconcentra-
tion in *am volum, of The solution.
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Fig. 1. Relationship between the regions of volume and surface dermixing in a
system with an upper critical point (the region of surface dernixing is shaded).

a) In the first of the three possible caset let us assume dom activity coefficients in the surface layer and in
the volume of the solution to be equal. In this case, a pointsi in the surface layer will correspond to. say, a solution
given by the Point,!, at the temperature j. But at tie $Iven temperature In the system In question the existence of
a solution with concentration x Is thermodynamnically Impossible. and It litvitably separates into two 'solutions I and
11. Thus, a heterogeneous surfooe layer should correspond to a completely homogeneous oblation. It is evident. how-
ever, that at a temperature above the critical solubiliry point. for exampletp. a homogeneous surface layer of con-
centration !7 (the point s') corresponds to the sanme solution,

b) The case when. dum to peculiarities of orientation of the molecules, the activity coefficients of the com-
ponents aregreater in the surface layer than in the volume of the solution. so that their mutual soluithlity in the
sutface layer is greater Mte coirespondin curve In FIX, 1. b Is shown byabrolsen line; the ctitical solubhility point
is at a lower temperature). In this case a surface layer composition represented by the figuativ, point !. which lies
outside the demixing zone In the surface layer. corresponds to the solution considered previouslyl hence, a homno-
geneous, surface layer corresponds to dhis ooluvqL n. ~ly at a lowea tamprature for example 1p. is dot figurative
point s' for the surface solution found in the region of dernixing.

c) In the third poesible case tio activity coefficients of the components in dom surface layer, due to oriensta-0 tion peculiasities is dds came alas, are greater than In dhe solution volume. The miuati soluidility of the components
in the surface layder beoom"s Ides, and she comspesf*g cave (brokuelne Itin ftg.1. 5) lies at higher tempera-
sure. In &an cane, serface dembtli should raloe place am eway ato tarasperatin 1J. at which the Uqivods have
limitd o~ilWty. but at do ftmporacee b at whbich mo dtABig rales piLace ft 6ie velan.. of doe selvttle.



ThuN surface demlaliW must Inevitably occur in definite cases. And
hits the Cava of certain anomalies in tdm variation of the sulface tension

40401Wt Coo* of wilutioms with tefmperature.
It is interesting to note that such anomalies, known previously ino

aqueous solutions of sparingly solbble substances (31 and in solutions of
organic liquid. w~h a tendency to demixing 14. 51, were recently noted

AD. In a completely -vw field. namely in metallic melts. Thus. In die sys-
- th6ms Ag-Pb &and Agl.f Which have a tendency, so demixing in the

Uqaid state and which have negative heats of mixing. Metxger [I) found
10 ~a positive value of 8 a/$T over a wide range of concentrations and tem-

perasores. In addition, we can cite a new example of surface demilin
0o in system of organic Iiqd&.ldite system CO5I#NO,-CsHU.

FVL. % The system nitrobennuse-n-hexane in many respects resembles

Fig. 2. Isotherms for ham stbiity in other systems of nittobennene with hydracalbom, in which we observed
the system nitrabenumnene-anlem. subfae demnixing. There were reasons for expecting surface demixing to

The properties of the nisrobennene wed were gives In our earlier wurk (51. The hexane. afrar drying over
metallic sodium, distilled in the range 67.7-67..I at 746mm, and had density or 0.660. The solutions of the sys-
rem form a foam on ohaking, The stability, of the foam, determined by the same method as for the systems pre-
viously studted. Is drown in Fig. S. The maximum foam stability is given by a solution containing 60 mol-li of
bezaWe

The results of surface tension measurements are shown In Fig, 3. As was to be expected, the course of the
polytherms for surface tendon is pite analogous to the comen of the polytherms in many of the systems of nitro-
benznem or aniline with hydrocarbons studied by a. As in the system aiftebenaeee-n-ociane we observe a pr~cti-
cally mnchanged value of a over a considerable range of tampeamatue Im winowul containing 25 and 30 mol-S
hexane. We explalneuchpecaulltitimof d.dependenceof aufaetensimonntmperaturby the ass mpinof
surface demnixin in the sytm.

With the aim of correlating *she smperavere variations ofw ~aesmilon with variations of Certain volutme 0
properties, we carded out measinmeus of the dieleeulc c=Mind of siduis of Athi system, ad 4we of mention
of cyclohezanse in aniline repeaftin tem easmemeums to r
ported in the paper by Sterobinets, Fisher mid WMulbmaK
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16 MOL.

Fig. 3. Polytherms for sNdfae tenon of ObUe in Fig# 4, Pelyfem IN doe dielectric constant of Polu.
the system miuobea -n-baxm. den in do s"ae duabmnnem-a-teane0
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The measurements of die dielectric constant Weve carried out by the Mresnac method IS coMhunction with
the substitution method. The Instant of tuming die generators into resonance, was deftrminedwidt greater Accuracy
by the method of beats with the aid of die 615 optical indicator. The measurements wene made at a frequency of0 ~500 kllocycles/see. The fluid capacitor had an air capacity of 7580 MO. The solution being measuredi was Isolated
from dhe air in the measurinig capacitor and kept at a constant temperature to an accuracy of±+ OX1 by means of a
water jacket.

The results obtained for the system nltrobenzent-n-hexeae An dhwnimn PIS. 4. Thise results show that therm
is a regular decrease of diohectria constant a" we "ateoram uluobeemnes N bose -liUds wbic pearly dittos in
their values of e. We also note the high temperature coefficient of the dielectric constant for litrobenzene (which
Is due to its large dipole moment), and a very low one. close to ero, for hexane. The temperature coefficient for
die solutions has intermediate values.

The polythermss for a for the solutions are smoth lines, nearly straight, and do not show any Oinfleilofe or
other anomalies. Consequently. tie transformations which take place in the suyface layer, and which are clearly
shown 6n the surface misson polytherms, are not found mthe dielectric constent curves..
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Fig. 5. Polytherms for the dielectric constant of certain solutions in the system
aniline-cyclohexane. The top curve represents C4HNH%.

As regards the measurements of the dielectric constant for the system Wnline-cyclohestane. these were made
with special care. as die aim was to verify the data already publuished In tda literatrae. The determinations were
made at Intervals of 1, and more rarely ofr. The results of thes measurements are si mwa on a very large scale in
Fig. 5. Examination of these results shows that do dielectric constant of the solutions shows smooth variations.
Although tMe value of the temperatrie coefficient of the dielectric constant of the solutions varies with temperature,
It Is not possible to find an the polydierms mny of die 'Inflexloms' reported by Starobisets, Fisher, and MUlchina. A
broken line on the Sraph represents the line which these antirso draw through the Opolnts of Laflestlmr from their re-
suits for dielectric constant (23. The dDt-and-da line repesnats the boundary of stirface 6emfsin of the solutions
from surface ransion measurements E43, As we mea, the dielectric conistant curves do no 1show any daviatiosas of *aei
course at tue correspondidng temperatures.

Consequently, from dielectric constant measurements It Is not possible to import objectively my sudden changes
of the stuctere of the solution (In Its volumte) at the temperatures of surface damn'sing.

If variations of stuctrwe tabe place in Mie OMIutIe, they Mus Inevitably be reflected As dse value of the den-oty which isafudmntal rpe tty. Th mmae dat w caryoft a dilawmnuIc O MsPuon of certain solu-

A dilasusneno of about I =ul capacity was used, widt a UMn ealikeasd seek Im Is diamew. Theaprts
was Iumsersed In a tratr Uteamessor (Soe aepemaee was mthieed ammt is an el 4 .00% ai the
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liquid level In doe dilatoMese neck was determined with due aid of a cadammotnete. 37 this Means. density varia-
tions could be measued with an accuracy of+1±-10-i@. in addition to the main seris$ of measurements, which in-
cluded a full heating and cooling cycle. repeant measurments lwer also carried outc onite same solutions at various
temperatures (when semperasure readings weoe tabon, the diuawnieter was held fat 15-40 minutes ustil all displace
ment of the meniscus completely ceased).

The results of determinations on solutions of 20 mol-$ cyclohexane +.30 msol4 an"ine. and 20 m014I
me&dian+ US 1110111tlene ashow 1 i Fig. 6. In both cases the experimental Points lie well GOn A =0o1 line
"NeY Ifeary 08001016 Thean an me Wiegeere de"lAdens f1e9M di1 tine. Thfs WIndsan dM dW 4110901114 Of
volume expaindo wades smoothly. and cousequendty piones convincingly die absence of sawusarl tranformetices in
the volume of die solution At mny defIni temperature in he range Investiated.

()A D we
isW0

Fi.6 ilsoeri cresfote olton: )0ml-c~lb~ae+0

the ~ ~ g 6.t osufc odonlmatoin entsc cures f Ir thd vlmeltn: o)f th oluton c nevitabex an therodynmica

gwumk n drepented beating. 6k a height tempieraturd es and conendtratiomnes.r n ek. owvr a u

to the same camnes. Therefore, weare aresmereasoes for seeking any'new, cams (for example, Pawutural transforma-
tions in doe solution) in crder to oqillin the natmes of the anomalies which am observed In surface tensdon measure-
ments.

SUMMARY
1. 'An analysis Is presented ofdie possible relationships between the regions of volume and surface demizing

in the coordinates: temperanure-concentration. Surface demiuing is shown to be thermodynamically inevitable.
416 The surface tension and foam stability in die system n uobe nue-n-hexane has been studied polydier-

mally. The results indicate die existence of suface detainin in this system.
2. Polythermal measurements of dio dielectric constamt have been earded eaftOn dio ame system. and also

on solutions of cyclcbexmne In aniline. Two solution worn stuied lamumulcallyo SO mel-I6 cychlhezane + 80%
aniline, and 20 mol4% metluanol + 300 aesdlylee.

4. The polydiesmis of die velume peapetin stedled do net AMe any aMoemlee at temperature cortespending
* to suface demizing.0

The A. L Asbmvf Chemical Imstltue. Kum OWN Acaimy Of 01caived AM IS, is"4
* Sciences USKW The V. M. Mebse Unlweuiyo Mawe.
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